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ABSTRAeT

This study utilizes two groups of United States Air
Force missile launch officers to subjectively assess eic
different scenarios to determine whether or not there is a

significant difference in perceived workload.

One group was

composed of eight crews of two missileers, the other was
made up of eight individuals.

The crews and individuals

then used a Subjective Workload Assessment Technique (SWAT),

a software supported subjective analysis tool, to assess the
subjective workload of several different scenarios.

The

Subjective Workload Assessment Technique measures workload
by breaking it into three different areas; Psychological
Stress Load, Mental Effort Load, and Time Stress Load.

Psychological Stress Load is the presence of confusion,

frustration, and/or anxiety associated with task
performance.

Mental Effort Load is the amount of attention

or concentration that is required to perform a task.

Time

Load is the total amount of time avallable to an operator to

accomplish a task.

A score of one, two, or three is

rendered for each area by the subjects, with one being
lowest, and three highest.
The scenarios were designed to emphasize one or more of
the three SWAT stress areas.
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The scores for the two groups

were then compared using an analysis of variance.

Similarly, the amount of time required to complete each

task was recorded and compared for crews versus individuals,
again with an analysis of variance.

The results indicated there was no significant
difference between the crews' and individuals' SWAT scores

at the .05 level of significance, indicating lone

crewmembers are no more stressed than a two person crew.
The time comparison results were significant at the .05

level of significance, indicating a crew of two is
significantly faster at accomplishing the scenarios than a
single missile launch officer.
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INTRODUCTION

Traditionally the U.S. Air Force has utilized two

officers as a crew while performing duty as missile launch

members.

With the advent of newer, faster computers, better

video displays, automated technical publications, and
increased personnel training^ it may be possible to reduce
the person-loading to where one person could do the job of
two.

The cost savings are obvious; reductions in salaries,

benefits, and a more streamlined organization.

If/ through

a workload analysis, one could demonstrate that one person
could do the job of two using higher computer capability,

and a more functional workspace layout, then the Air Force
would need to reconsider its current staffing.

This study

will be the basis of requirements validation for a central
console position with a modern layout for the Launch
Control Center.

if the workload analysis verifies that a

single Missile Crew Member can properly use the system, then

the personnel manloading can by reduced by half.
Documented in the vast amount of workload research

literature are numerous attempts to create and apply
techniques that will assess the workload imposed on the
human operator by tasks that he/she is required to perform.
Industrial engineers, systems engineers and other

scientists interested in proper workload assessment and

workplace improvement generally have asked four questiphs in
their quest;

1.

Does the operator have enough reserve mental

capacity to perform an addifiohal task?

2.

Does the operator have suffiGient reserve mental

capacity to deal with emergency situations that are
typically more demanding than the usual procedures?

3.

Can the task or the equipment that the human

operates be modified in order to reduce workload and

increase the operator's reserve mental capacity?

4.

Will the human be able to operate a new system more

easily and with greater reserve cental capacity than with
the old system?

Because these questions are related to the operator's

capacity to perform additional work and to handle emergency
situations and not to related conditions that the operator
is accustomed to, they cannot be answered by measuring
normal task performance alone.

Research has frequently

shown that operator performance may be measured to be at
the maximum or best level during tasks that, in fact, vary

markedly in difficulty and in the operator's subjectiye
estimates of task workload.

This equality of performance

measures, despite Ghanges in overall task diffiGulty, calls
for a measure that will reflect the variatibns in what is

commonly referred to as workload (Eggemeier, Crabtree, and
LaPointe, 1983).

In addition to the problem that

performance measures do not reflect changes in workload,
researchers have found that techniques such as timeline

analysis and task analysis are also not always useful since
they assume that workload is a function of the primary task
and tend to ignore the operator's capacity.

The operator's

capacity is not easy to measure for a particular task.
However, the concept of operator workload must include

operator capacity and subsequently, its measurement is of
central concern throughout the system development process.

In general, workload assessment techniques can be Organized
into three major categories:

(1) performance based

techniques, such as secondary task methodology; (2)

physiological measurements, such as heart rate variability;
and (3) subjective assessment techniques, including rating
■ •scales.;,- 

Considerable care must be taken when choosing workload

metrics Since few, if any of them, are universally

applicable.

Practical considerations include ease of

implementation, face validity, operator acceptance, and

scbrability.

Additional considerations include reliability.

sensitivity to workload, intrusiveness and, in some cases,

diagnosticity.

If a workload metric is too difficult to

implement, its cost effectiveness may be prohibitively low.
Furthermore, operator acceptance may suffer if the

operator's environment is seriously cluttered with new

equipment.

Even worse, the operator's primary task

performance may be disrupted and the additional equipment
interferes with (i.e., intrudes on) his or her normal
activities.

Generally speaking, subjective workload

assessment techniques require the least additional

equipment while physiological techniques require the most.
Performance based techniques appear to be the most

popular workload measurement technique.

In this procedure,

the operator typically performs the assigned tasks (i.e.,
the "primary" task) to the best of his or her ability.

A

secondary task is introduced and the operator is requested
to perform it also, while maintaining the best possible

performance on the primary task.

As the required mental

effort changes in the primary task, changes in secondary

task performance may be observed.

The theory behind this

technique is that some portion of the human's reserve mental

capacity is being utilized in performing the primary task.
When the required mental capacity exceeds the available
capacity, performance on the primary task may deteriorate.
Until that point is reached, performance will be relatively
stable and the amount of effort required to perform the task

will be virtually unknown.

This accounts for the relative

insensitivity of performance measures.

However, a "good"

secondary task will totally utilize the capacity not

required for performing the primary task.

Then, when any

increase occurs in the amount of capacity required for

performing the primary task, and the operator

continues to

maintain primary task performance, degradations in secondary
task performance will occur.

By monitoring Secondary task

performance^ mental effort required for performing the
primary task can be inferred.
The second major category of workload assessment

techniques is composed of physiological measures, including
heart rate, galvanic skin response (GSR), eye movement

recordings, eye blink recordings, transient evoked cortical
response and steady-state recordings, urinalysis,
electromyograms (EMGs), and others.

Although each of these

techniques has been used from time to time, the latest
evidence supports that the duration and frequency of
eyeblinks may be fairly sensitive indicators of mental
■'effort.
■

■

The third workload assessment technique will be the

focus of this study.

A trend that has emerged from the

recent literature is the considerable level of support for
inclusion of subjective techniques as an important element

of any comprehensive workload assessment methodology.
Johannsen, Moray, Pew, Rasmussen, Sanders, and Wickens

(1979), for example, indicated that a complete and adequate
theory of operator workload will be one of two things:

the

end product of a total thepry of human performance, or

alternately, a description of how the operator feels when
performing a task.

Johannsen et al. maintained that despite

difficulties with the use of subjective ratings, they should

be regarded as central to any investigation of workload.
This position was based on the rationale that if an operator
feels overloaded and burdened, he is overloaded and

burdened, regardless of what performance measures might
demonstrate.

Johannsen et al. suggested that prior to

performance breakdown, the operator might be working harder
to avoid such decrements, and that subjective feelings could
be used as an indicator of the additional effort which

precedes degraded performance.

In a similar view, Gartner

and Murphy (1976) indicated that when experiential
conceptualizations of workload are accepted, the operator's
direct perception or estimation of his feelings, exertion,

or condition may provide the most sensitive and reliable
indicators of workload.

Moray (1980) also noted that there

is little doubt that the operator's subjective experience of

difficulty and judgments of mental load should represent a
component of any precise measure of workload.

Moray pointed

out that an objectively easy task may be experienced as
difficult due to factors such as fatigue or motivation.

Also, given appropriate instructions and a balance between

speed and accuracy, an objeGtlvely difficult task may be
experienced as less strenuous or difficult.

Moray,

therefore, proposed that a distinction be made between

imposed mental load and subjective mental load.

The former

is the load demanded by the task parameters, while the
latter is the load perceived or experienced by the
operator.

In addition to their theoretical importance, subjective

techniques have a number of other characteristics which
contribute to their potential utility as measures of

operator workload.

If implemented correctly/ the measures

can be relatively nonintrusive and should not disrupt

primary task performance.

Primary task intrusion is, of

course, a difficulty sometimes experienced with application
of other techniques, particularly secondary task

methodology.

If general factors that contribute to operator

workload can be identified, subjective techniques could also
be applicable across a wide range of situations.
Performance-based measures, most notably primary task

assessment procedures, are by necessity situation-

specific.

Subjective measures should also be relatively

easy to implement and support when compared with many

performance-based measures and physiological measures.

Both

of the latter categories require some instrumentation and

data recording, whereas many subjective measures would
minimize instrumentation requirements.

As a consequence.

subjective measures might be more easily implemented in
operational environments than other assessment techniques.

Subjective measures have been used in a variety of

situations; including operatiohal environments and
simulation and laboratory studies.

In many instances,

individual assessment procedures have been developed for
specific application and, therefore, have not been subjected
to the validation which would be required to recommend their

generalized application.

Also, there is relatively little

evidence in the current literature of workload rating scales

based on psychometric theory (Williges and Wierwille, 1979).
Rating Scales Development

Although a generalized workload assessment procedure
has not grown out of previous individual efforts, several

promising approaches which might be applied to the

development of such a rating scale have appeared in the
literature.

One of these is the work of Sheridan and

Simpson (1979) at MIT in the development of a category
rating scale for assessment of pilot workload.

The scale is

based on a concept of mental workload developed for
application to the air transport environment.

Mental

workload in this conceptualization represents a combination

of three major factors, including mental effort, information

processing, and emotion that results from responses to task
demand.

The MIT workload rating scale reflects the factors

included in the Sheridan and Simpson theoretical position
and is similar in format to the deeision-tree structure used

in the Cooper-Harper (1969) handling Gharacteristics scale.
The Cooper-Harper handling characteristics scale was

developed to measure the workload cargo pilots encountered
during their missions.

It is a ten-point scale that uses a

deeision-tree type structure to deterniine whether a system
is overloaded or not.

This scale is fine for identifying

high workload situations, but does not highlight the problem
itself.

On the other hand, three levels of workload ratings

are required to complete the MIT scale.

The first requires

an overall rating of the acceptability or unacceptability of
system workload.

When overall workload has been ratedf a

second rating which more precisely describes workload is

accomplished on a ten-point scale.

The third scale requires

the pilot to describe the Contribution of three factors to
the workload ratings.

The three include;

the fraction of

time that the pilot was busy, the intensity of the mental

effort experienced> and the degree ofiemotional stress
experienced by the pilot.

Complete validation data for the MIT scales have not

yet been published.

Katz (1980) reported results of a

flight simulator experiment that was designed as a

preliminary evaluation of the scales and concluded that
pilot acceptance of the procedure was quite good.

However,

the presence of significant learning effects in the flight

simulator precluded development of reiiable information on
the sensitivity of the scales to some of the variations in

loading introduced during the experiment.

More extensive

study of the scales must be conducted before more definitive
conclusions can be drawn regarding their general

applicability. ' Katz, for example, recommended further
research in a high fidelity flight simulation designed to
exercise the full range of the scale as part of such a
validation effort.

Such a validation effort could be

accomplished by a paired comparison of highly skilled versus
less skilled pilots for similar simulator scenarios.

Or

objective nieasures of workload could be utilized to support

the capability of the subjective scales to measure workload.
A second ndtable approach in development of subjective
workload rating scales is the recent application of

multidimensional ratings techniques to workload scale
construction.

One such procedure which is potentially

applicable to the development of generalized workload rating
scales is the technique of conjoint measurement (Coombs,
Dawes, and Tversky, 1970; Krantz and Tversky, 1971).

Additive conjoint measurement and associated Scaling

procedures have been applied by Donnell and O'Connor (1978)
and Donnell (1979) in the development of rating scales for
use in assessment of fighter aircraft operability.

Basically, the application of conjoint measurement and
related scaling procedures to subjective ratings can permit
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an investigator to obtain ordinal ratings on a set of two
or more dimensions and to combine the ratings so that a

single scale with interval properties can be derived.

Application of the additive conjoint measurement model
requires that the individual dimensions combine additively

to produce a joint effect which is reflected in the single
interval scale.

The additive model is one special case of

conjoint measurement.

A set of axioms (Krantz and Tversky,

1971) are used to determine if the additive model or some
other combinatorial rule is appropriate for a particular set
of data.

Application of conjoint measurement to two fighter

aircraft (Donnell and O'Connor, 1978; Donnell, 1979) has
been undertaken to develop an interval scale measure of
aircraft system operability.

Systems operability was

assumed to represent a combination of a number of factors,
including the amount of workload required by the operator in

performance of a task, and the degree of subsystem technical
effectiveness demonstrated in accomplishment of the task.
In order to develop an interval scale of systems

operability, Donnell and O'Connor (1978) developed separate
four-point ordinal rating scales for pilot workload and
system technical effectiveness.

Using conjoint measurement

and related scaling procedures, independent ratings by

pilots on each of these two dimensions were eventually

combined and converted into an interval scale of systems

11

operability.

Donnell (1979) subsequently modified the

pilot workload and technical effectiveness scales and
applied them to a different aircraft.

An interval scale of

systems operability was also derived in this application
with use of the conjoint measurement technique.

Although Donnell and O'Connor (1978) and Donnell (1979)
used combinations of operator workload and system technical
effectiveness to derive an interval scale of system

operability, applications of conjoint measurement to

workload assessment do not have to follow this particular
format.

Workload itself has been characterized as a

multidimensional construct in a number of theoretical

positions (e.g., Johannsen et al., 1979; Williges and
Wierwille, 1979; Sheridan and Simpson, 1979).

One viable

application of the conjoint measurement approach to workload
measurement itself is to develop a number of ordinal rating

scales which represent important elements of the workload
construct.

Using conjoint measurement, the ratings from

these scales could be combined into a single interval scale
which would represent the joint effect of these individual

factors.

Reid, Shingledecker, and Eggemeier (1981) have

explored this approach to subjective workload assessment and
have demonstrated the capability to successfully derive a
single scale of workload which is based on three component
scales.

The three scales were adaptations of the Sheridan

and Simpson (1979) scales and included ratings on the
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dimensions of time stress, ;information proGessing load, and

psychological stress.

This will be discussed in much

greater detail ISter in the text.

In addition to conjoint measurement, there are other

techniques which have beenisuccessfully employed in order to
obtain subjective estimates of workload or perceived
difficulty.

Daryahian (1980), for example/ used the

Thurstonian Paired Comparison procedure to generate an

interval scale of workload related to:a multicomponent
decision task.

Hicks and Wierwille (1979) applied the

method of equal appearihg intervals to generate rating scale

responses that successfully discriminated a numbei: of
workload conditions in a driving simulator.

Borg (1978)

reviewed a program of work;which made use of magnitude

estimation techniques and tategofy scales to develop indices
of perceived difficulty in a group of physical and cognitive

tasks.

The prograip explored the relationship between

perceived or subjective difficulty and characteristics of
several cognitive tasks.

Examples of cognitive tasks which

were investigated included verbal learning, visual search,
immediate memory, and standardized intelligence tests.

In

general, high correlations v/ere obtained between subjective
and objective measures of difficulty, supporting the

capability of subjective ratings to reflect objective levels
of task difficulty.

Helm (1981) also explored the

applicability of magnitude estimation; and category scaling

techniques to assessment of workload in information
processing tasks.

Helm's research indicated that for task

difficulty leyels up to performance breakdown, ratio scale
ratings were more accurate indices of performance levels
than were category scale ratings.

The operators found it

easier to give a relative (or ratio) measure as a comparison

than to place the task difficulty into a category that may
or may not be relative to the task or to the other
a

A second issue related to use of subjective workloacl
assessment deals with identification of those factors or

variables which contribute to the subjective experience of
mental load.

The data base dealing with such factors and

task variables is not substantial, but is of central

interest in interpreting subjective ratings and in
constructing mental workload rating scales.

For example,

information regarding the types of factors to be included as

categories in multidimehsional approaches to workload
estimation is tied to this type of data base.

Moray (1980)

provided a well documented review of research that deals

with factors which cpntribute to subjective mental load.
number of different categories of subjective measures of

mental load were discussed, including mental load in
cognitive, manual control, and physical tasks.
In the cognitive task area, a primary source of
information regarding possible contributors to subjective

A

load is the Borg {1978) review which was referenced
earlier^

Bprg discussed some factors that appeared to

contribute to the experience of subjective mental load in

the tasks used in his research program.
contributors to perceived load included:

Possible
the effort

involved in solving the task, the time perceived for the
effort, the number of critical details, and the subjective

complexity of the task.

Borg also indicated that scarcity

of time, expenditure of energy,

and perceived probability of failure appeared to be
significant factors in the perception of difficulty.
The time stress factor noted by Borg (1978) was also

identified by Moray (1980) as a major determinant of
subjective mental load.

Time, it was reported, is a more

easily realized stressor, and tends to be more consistent
across subjects,
other than

Moray maintained that in real world tasks
r op®tators often receive signals

prior to the completion of processing of earlier stimuli.
On the basis of the available data, Moray concluded that

time pressure, in the sense of arrival of task demands

before the last has been completed, causes mental load.
Sheridan and Simpson (1979), in the model of pilot workload
discussed earlier, also included time stress as a major
contributor to mental workload.

Time stress has been researched by several

investigators in information processing type tasks.

. , ■15 •

Philip,

Reiche, and Kirc iner

(1971)^ for example, conducted an

experiment in which experienced radar cpntrollers rated the
difficulty and t he time stress associated with an air

traffic control task on separate five-point scales.
basis of the rating

On the

results, Philip et al. concluded that it

was not possible to unambiguously differentiate time stress

from rated difficulty of the control task, supporting the
position that subjective feelings of difficulty appeared to
be essentially dependent
task.

Dornic and

upon time stress in performing the

stone (1974) reported the results of an

experiment which studied the effect of time stress on

perceived diffiCjUlty in a different task environment.

Three

serial tasks of differing levels of difficulty were used.

The tasks required the subject to process a series of
letters and to determine if a certain code appeared in the

series.

Each of the tasks was performed in both a paced and

a self-paced mode, the former representing the time stress
condition.

Following performance, subjects rated the

perceived difficulty of each task on a twenty-point scale.
With increased difficulty, performance deteriorated and

perceived difficulty increased more in the paced than in the
unpaced condition, indicating that time pressure or stress
affected both performance and perceived difficulty.

The

work of Daryanian (1980) that was noted above also supported
the importance of time Stress in the subjective experience

of load.

Daryanian used a multicomponent decision task in
■ -b" ,. . ■ ; 16 , ;
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which the subjeet dealt v«?ith a numbdr of task queues.

The

deGision task was used to identify the relative contribution
of three variables to subjeGtive load.

Tjhe variables which

were examined included task interarrival rate/ task speed,

and task productivity.

There were three jlevels of

difficulty for each variable.

Each subject experienced all

combinations of the three levels on each variable> and

performed a paired comparison rating of the subjective load

imposed by the various CQmbinations of va;riables.

The

results indicated that task interarrival irate was the
dominant of the three factors in determihlng the subjective

mental load in the task.

Support for the position that time

stress is related to the subjective experience of mental

load, therefore, represents one trend that has begun to
emerge from the literature on performance of information
processing and cognitive type tasks.
Sublective/Workload Assessment Technique v(SWAT)

The Subjective Workload Assessment Technique (SWAT) has
been developed in response to a perceived need for a
workload measure with known metric propefties that is useful
in operational or "real world" environments.

Maximum effort

was expended to keep the SWAT data collection as unobtrusive

as possible.

The principal way this has |been accpmplished

is through the application of a scaling procedure known as.
conjoint scaling.

This approach allews 5?esponses to be

made in the operational setting using only three simple
■, n

:'

descriptors for each of three factors that have been used
to operationally define workload.

This approach also

minimizes the amount of time required to make responses by

keeping down the number and complexity of descriptors that
an operator must have memorized.
SWAT is divided into two distinct phases:

Development and Event Scoring.

Scale

The Scale Development phase

is used to train the subjects on the use of the descriptors
and to obtain data about each individual's opinion

concerning how these dimensions combine to create his or her
personal impression of workload.

The Event Scoring

phase

is the experiment or test situation where the investigator

is interested in obtaining information about the workload
associated with task performance.

The Scale Development phase is the principle aspect
which differentiates SWAT from other subjective workload

approaches.

Usually descriptors are provided in order to

define some number of v/orkload levels (seven, for example)

and subjects are carefully trained to know what is
represented by each level of the scale.

In SWAT,

descriptors of components of workload are provided, but the
task of the subject is not to learn what the various levels
mean but to make judgments that allow the investigator to
determine how the factors combine fop the particular

subjects involved in the investigation.

The first necessity in the development of a scaling

18
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approach is to establish an operational definitiori of
mental workload.

While researchers have not arrived at a

consensus about a technical definition of workload, there is

considerable agreement among researchers and operational

personnel that mental workload is a combination of several
factors related to task demands, operator state, and time

factors.

Thereforef workload has been defined for SWAT to

be composed priinarily of Time Load, Mental Effort Load, and
Psychological Stress Load.

Time Load refers to the total

amount of time available to an operator to accomplish a task
as well as overlap of tasks or parts of tasks; Mental Effort
Load is the amount of attention or concentration that is

required to perform a task; and Psychological Stress Load is

the presence of confusion, frustration, and/or anxiety
associated with task performance.

This definition is not

intended to represent a sufficient technical definition of
mental workload; rather it provides a useful operational
definition.

The three factors (or dimensions) used to operationally
define workload have each been further defined by a set of

descriptors that specify three levels; of|each of the
dimensions.

These dimensions are based largely on the

theoretical work of Sheridan and Simpson (1979) in defining

pilot workload.

They have attempted to generalize the

wording of the descriptors in order to create a scale that

is applicable to most work Situations whpre mental workload

19
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is an anticipated problem.

The dimensions are defined as

follows;

Time Load

The Time Load dimension depends on the aivailability of

spare tiii'© and the overlap of task activities.

This is

closely associated with the use of time line analysis as a

primary method of evaluating whether or not a person should
be able to accomplish a task.

Time Load may be experienced

as the rate that events occur or the speed of a system.

The

three levels are:

1.

Often have spare time.

Interruptions or overlap

among activities occur infrequently or not at all.
2.

Occasionally have spare time.:

Interruptions or

overlap among activities occur frequently.
3.

Almost never have spare timew

Interruptions or

overlap among activities are frequent, or occur all the
time.
Mental Effort Load

Mental Effort Load is an indicator of the amount of

attention or mental demands that aire required to accomplish
a task, independent of the number of Subtasks or time
limitations.

With low Mental Effort Load, the concentration

and attention required by a task are minimal and thus
performance is almost automatic.

As Mental Effort Load

increases so does the amount of informatipn which must be

processed by the operator in order to peirform adequately.

■20
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High demand for mental effort requires;total attention or
concentration due to the complexity of the task or the
amount of information which must be processed by the

operator in order to perform adequately.

High demand for

mental effort requires total attention or concentration due

to task complexity or the amount of information that must be
processed.

Activities such as performing; calculations,

making decisions, remembering or storing information, and
problem solving are all examples of mental effort.

The

exact descriptors used are:

1.

Very little conscious mental effiort or

concentration required.

Activity is almost automatic,

requiring little or no attention.
2.

Moderate conscious mental effort; or concentration

required.

Complexity of activity is moderately high due to

uncertainty, unpredictability, or unfamiliarity.
Considerable attention is required.
3.

Extensive mental effort and concentration are

necessary.

Very complex activity requiring total

attention.

Psychological Stress Load

Psychological Stress Load refers to conditions that

produce confusion, frustration, and/or anxiety during task
performance and therefore make task acconiplishment seem
more difficult.

At low levels of stress one feels

relatively relaxed.

As stress increases, distfaction from

.21

relevant aspects of the task is Gaused b
the environment or the individual,

within

These factors include

such things as motivation/ fatigue, fear, skill level/ or
temperature, noise, vibration, and comfort.

Many of these

factors can directly affect task performance when they reach

high levels.

However, for the purposes of SWAT and the

measurement of mental workload, these factors apply when

they are at relatively low levels but create enough of an
irritant that individuals must draw on resources in order to

preyentintetfeit'ence with task performance i

The specific

levels for the Psychological Stress Load dimension are:
1.

Little confusion, risk, frustration, or anxiety

exists and can be easily accommodated.
2.

Moderate stress due to confusion, frustration. Or

anxiety noticeably adds to workload.

Significant

compensation is required to maintain adequate performance.
3.

High to very intense stress due to: confusion,

frustration, or anxiety.

High to extreme determination and

self-control required.

The Event Scoring phase is the result of the scaling
solution for each subject.

The individual scores an event

or activity using the SWAT technique he or she learned

during the Scale Development portion Of the test.

Each

activity is given a score of one, two, or three for the

Psychological Stress load, Mental Effort load, and Time
load.

The scores are then converted to a 0 to 100 scale

that correlates to the values attained during the Scale

Development phase.

For example, if a subject scores an

event 2,3,3, this score is compared to the original scale
for 2,3,3.

That score may have correlated to a 65 on the

G - 100 scale.

A comparison can then be made between events

or between different subjects for an event to determine
workload.
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METHOD

Subjects

Subjects were drawn from a Minuteman III and
Peacekeeper Command Data Buffer Initial Missile

Qualification training course.

All 24 students used for the

study were volunteers who were interested in potentially new
ways to reduce workload for crewmembers in the Peacekeeper

Rail Garrison system.

The subjects were in the twelfth week

of a fourteen week training course, so they had completed
all the course work required to graduate, but were still

honing their skills in preparation for the final

evaluation.

The study provided the students additional

opportunity to practice in a non-evaluative environment

(i.e., they were not being evaluated by their instructors),
thus the high volunteer rate.

All subjects were Air Force

officers with time in service from two months to six years.
All were college graduates with varied degrees from

engineering to fine arts.

The Air Force training course

does not require a technical degree, although a technical

background does make the course more easily understood in
the beginning.
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Apparatus ;

The subjects were trained on the Subjective Workload
Assessment Techhique (SWAT) authored at the Harry G.

Armstronq Aerospace Medical Laboratory. : The SWAT, which was
discussed in detail earlier in the text, is a subjective

mental workload measuring technique used on various Air

Force testing programs.

The subjects were evaluated in the

Command Data Buffer Missile Procedures Trainer.

It is a

simulator that can be computer programmed to present various

scenarios at a precise time to the subjects.

The simulator

is an exact duplication of a missile launch control center.

All subjects were very familiar with the Missile Procedures
Trainer as they had each had twenty simulator sessions of

approximately six hours each prior to this study.
Additionally, a scenario of potential problems each student
could encounter while on duty was developed.
Procedure

'

^

The Subjective Workload Assessment Technique User's
Guide was utilized as a guide for the training and overall

computer assessment of the subjects' performance.

This

involved initial training of the subjects on how to

subjectively rate their workload using the SWAT.

This was

accomplished by first emphasizing the importance of the

study and the potential impact of the results for other
missile crewniembers and theiviseJ ves.

Another important

aspect of the initial training session is the emphasis on

the difference between the three subjective workload areas.

It was important to stress that Mental Effort Stress was

different from Psychological Stress and they were both
different from Time Stress.

Subsequently, a card sort was

accomplished by the subjects in order to produce a scaling
solution tailored to the group's perception of workload.

This is one aspect of SWAT which is different from most

other subjective workload assessment approaches.
The results of the card sort are analyzed by the conjoint

scaling program to produce an interval level workload scale.
Since the results from card sorts are used to generate

this workload scale, the card sort session was the key to a

successful application of SWAT.

The subjects were then

convinced of the importance of providing the best possible
information regarding how he or she perceived (traded off)
the three dimensions defined as being the primary
contributors to workload.

Inaccurate or invalid card sort

information can have a considerable effect on the results

of the experiment.

Aside from the scale generation, there are several
other very important aspects of the card sort which needed

to be emphasized.

Primarily, the card sort procedure served

as training for the subsequent Event Scoring phase of SWAT.
After sorting the cards, subjects became very familiar with
the use of the three dimensions and their levels.

Consequently, only slight additional training was required.

Secondly, the card sort provided motivation for

subjects to take the rating scale seriously.

One problem

inherent in traditional subjective measures is that of

gaining subject acceptance of the rating scale being used.

If subjects reject the technigue or take the rating task too
lightly then the chances of obtaining accurate ratings are

greatly reduced.

Other Air Force experiences have indicated

that performing the card sort provides subjects with a
feeling of greater involvement aind thus facilitates
seriousness and greater reliability of ratings.

After the subjects accomplished the card sort, a card
sort analysis was performed.

The card sort analysis is

performed to accomplish two objectives.

First of all, the

conjoint measurement algorithm performs the axiom tests to
assess the validity of an additive model for the data.
Secondly, the scaling algorithms produce interval-level
rescaled values for each of the levels of the three

dimensions.

This is accomplished by using a microcomputer-

based software.

One of the unique aspects of SWAT is what is known as

prototyping.

Prototyping refers to the procedure of

stratifying the subjects into homogeneous groups based on
their perceptions of the relative importance of the three
dimensions included in SWAT.

The software displays on a

screen the results of hov.' the individual subjects prototype.

A subject who prototyped "time" considerd the Time Load
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dimension to contribute the heaviest to his

workload.

A subjeOt who prototyped "stress" considered the

the Psycbological Stress Load dimension to contribute the
heaviest.

These are just two examples of the three "main"

prototyping groups.

The six "possible" groups are listed in

the output as TES, TSE, ETS, EST, SET, and STE.

To calculate prototype group membership, every

subject's data are correlated against the six different
strings of data that represent these respective prototype
groups.

The pattern of correlation cdefficients of the six

groups determined to which group a subject belbnged.

In

this manner, nearly every subject was labeled as either a
time, effort, or stress subject.

A more detailed

description of this procedure can be found in Reid,
Eggemeir, and Nygren (19S2).
The criteria for deriving either a group scaling

solution or a prototyped scaling solution is based upon the
value of the Kendall's Goefficient of Goncordance which is

determined by the software package.

This coefficient is an

index of the degree of intersubject agreement within the
card sort.

Reid et. al. indicate that a value of

approximately .78 and above indicates a relatively
homogeneous group of subjects, and only one scaling

solution is necessary to capture the subject's composite

view of workload.

A Kenda 1.1's Coef£icient l:>elow .78 usually

requires that a separate scaling solution be developed for

.
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each of the three main prptotype groups, and sbmetimes for

additibnal groups as previously described.

This is needed

in order to capture the differentiai weighting of the three
SWAT dimensions that the groups have revealed by the order

of the descriptor cbmbinatiorts from the card sort procedure.
To determine which method is appropriate for developing
the scaling solution, the data must be analyzed using the
SWAT program.

If the Kendall's Coefficient is .78 or

higher, then the scale from that group run may be used with
all subjects.

If the Coefficient is below .78, the subjects

should be prototyped as either Time, Effort, or Stress.

The

appropriate options can be selected by the Program Setup

portion of the SWAT computer program in order to produce the
required scaling solution.

The second phase of the study is the Event Scoring
phase.

In this situation the subjects were given a group of

scenarios, or a script, that provided the subjects with the

entering arguments for performing certain expected tasks.

This scenario or script consisted of eight independent but
related problems or events.

Each event had a predicted set

of SWAT values based on the personal experience of the
researcher, and on the results of the pre-test. The
scenarios were broken out so that there was a logical pause
in the flow of the script so the subjects could score each

event, and it would not significantly interfere with the
subject's train of thought.

In Scenario A the crew conducted their daily

inspections.

Those tasks ard generaliy easy to accomplish,

and are trained constantly.

In effect, these tasks are the

most often used, and subsequently the most routine for the
crewmember.

The predicted SWAT values were between 1,1,1

and 2,2,2 for the three task areas; Psychological Stress,

Mental Effort Stress, and Time Stress.
Scenario B required the subjects to perform the
emergency power and air procedure.

This procedure is not

particulary difficult to perform, but it requires the

subjects to move around the simulator with some amount of
speed, in Order to assure the equipment is properly cooled.
The predicted SWAT values were somewhere between 1,3,1 and
2,3,2 for Psychological Stressf Mental Effort Stress, and
Time Stress respectively.

The Missile Status-Out Checklist was the emphasis of
scenario C.

This procedure requires the subject to ensure

that he maintains accountability for each missile.

The

scenario was designed to test whether or not the subject
understood the status of the missile and that he reacted

when there is a suspected loss of the status monitoring

capability.

The procedure is very time intensive.

Therefore, the subject needed to ensure that status is
maintained quickly and accurately.

The predicted SWAT score

reflected the time stress required of the subjects, and a
score of somewhere between 1/1,3 and 2,2,3 for Psychological
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Stress, Mental Effort Stress, and Time Stress was

anticipated.

Scenario D was designed as an equipment fire situation

where the subject would be required to electrically isolate
the equipment in order to extinguish the fire.

The scenario

is neither mentally taxing, nor too time critical, as it is
not a life-threatening situation.

Therefore, the predicted

SWAT score was three for the Psychological Stress category,
and one or two for the other Categories.
The Inhibit/Anti-Jam procedure was the thrust Of
scenario E.

This procedure requires the subject to prevent

any attempt to subvert the missile control system by placing
the Computer into an anit-jam mode, and then inhibiting any

potential loss of status monitoring by flooding the system
with inhibit commands.

This process is not psychologically

stressful, but it does require a large measure of mental

quickness and effort, and also must be accomplished within a

short amount of time.

Consequentiy, the expected SWAT

scores were 1,3,3 on the Psychological Stress, Mental

Effort, and Time Stress categories respectively.

Scenario F was composed of the Emergency Code
Dissipation procedure.

This procedure is used when the

missile crewman is under direct risk of losing control of

the launch control center, and he needs to destroy any
encrypting devices that would prove useful to a hostile

force.

These encryptiori devices are destroyed

electronically, by wiping out the memory banks in the

computers.

This is not a time intensive procedure, as the

launch control center is very difficult to break into, and
the crew would have advance worning of the attempted break-

in.

The Psychological Stress and Mental Effort Stress would

be relatively high as e result of the procedure and the
surrounding events.

Scenario G was based around a security situation

involving the launch control center-

The scenario involved

a dii-sct assault on the above ground portion of the launch
control center, with a potential take-over of the site.

The

procedure is not mentally difficult, as the indications are
relatively straight-forward.

However, it is psychologically

stressful, and time critical to accomplish.

A SWAT score of

three on the Psychological Stress category, one on the
Mental Effort category, and three on the Time Stress

category was predicted.
The final scenario, H, was the Emergency Launch Control
Center Shutdown procedure.

This checklist is accomplished

when there is a requirement to shutdown the Launch Control

Center due to loss of power, and/or cooling air.

If the

procedure is not accomplished quickly and accurately, the

center could be destroyed by fire, the crew could be
overcome by fumes, or the computers could dump all their
memory at a great cost to the government.

This procedure

was predicted to be the most stressful for each category on
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the SWAT scale.

The order of the problems was also changed for each
crew or individual.

This provided a systematic method of

varying the scripts, but provided the same set of problems
for each crew or individual.

At the end of an event the

subjects were asked to score, or give a rating, for Time

Load, Mental Effort Load, and Psychological Stress Load.
The subject responded by giving a I, 2, or 3 for each of the
three dimensions. The three levels were defined in the same

way that they were for the card sort session.

The score was

then used to determine the stress level the subjects were

experiencing, and if the levels matched the predicted SWAT
levels.

The scoring session is set up to be as unobtrusive as
possible.

This keeps the subject's mind on the task as much

as possible, and gives a more accurate assessment of the
subjects workload with as little secondary workload as is

required.

The ratings were tabulated for later analysis.

A pre-test was conducted prior to the actual study.

A

preliminary script or scenario was presented to four senior

missile crewmembers.

They were either instructor or

evaluator qualified, with four to six years of missile crew
experience.

They were pre-trained on SWAT, and then

presented the script.

The senior missileers then rated each

block on the script for time load, mental load, or

psychological stress load.

The senior group also served as

a time and accuracy verification for the script.

Each

person was timed for each block of the script to ensure the
blocks were not too lengthy.

This helped verify that the

flow of the script was reasonable.

Likewise the pre-test

group provided a fine-tuning of the script, ensuring that
all problems were accurate and able to be accomplished by
the less experienced follow-on test subjects.

The pre-test

provided insight into the mind set of the subjects as they
were evaluating, and being evaluated.
practice session for the researcher.
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It also provided a

RESULTS

Initial Card Sort

The results of the initial card sort session by all the

subjects are reflected in Table 3 in the Appendix.

The

results of the initial card sort indicate two things

primarily.

First, the rescaled values for each possible

SWAT score are indicated in the right hand column.

This

number is a standard value that will be used to compare
subjects' evaluation of workload in the subsequent event
scoring phase.

For example, if a subject gives a score of

two (2) for each category of workload for a particular task,
that translates into a rescaled score of 40.2.

This number

can how be used to evaluate and compare scores between

subjects and groups.

Secondly, the sort program provides a

predictive capability for the total group solution.

This

number is the subject population's coefficient of

commonality, indicating that the group agrees oh the
workload scalihg values ih the SWAT system 91.17% of the

time.

This means that 91.17% of the time the group will

agree what the SWAT scores mean relative to their workload.

Reid, et.al. (1981) and Reid, et.al. (1984) found, over
several years, that a base predictive capability of 78% was

a reasonable level to assume a common group or population
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for statisticar use.

Their ensuing research demonstrated

that a group solution could be used at or above 78%, while
an individual or a stress category grouping was required
below that level.

Seventy-eight percent is not an absolute

number, but has been verified as a good transition point

through years of documented and undocumented government

tests and evaluation programs.

Therefore, with a value of

91.17%, the author felt there was sufficient commonality to

assume a standardized population.

This allowed the author

to assume the subjects would have a common reference point

when they report their SWAT scdres during the event scoring
phase.
Event Scoring Phase

The results of the SWAT event scoring phase of this

Study are illustrated in Tables 4 and 5 in the Appendix.
Table 4 is a matrix illustrating the individuals' raw SWAT

scores across the eight scenarios.

Table 5 illustrates the

crews' SWAT scores for the eight scenarips also.

The raw

data is only an indicator of the values the subjects used

when they reported their subjective workload.

The scores

reflect a rating for the three areas of workload.

A

representation of mean SWAT scores is reflected in
Table 6 of the Appendix, while a comparison of the
difference between mean time required is reflected in Table

7.

The SWAT scores were then compared using an analysis of

variance (ANOVA) that compared the individuals'

36'

scores versus the crews' scores across each scenario.

The

critical F value for one (1) and fourteen (14) degrees of
freedom at the .05 level of significance is 4.60.

The F

scores are reflected in Table 1 below.

■

Table1 - '
Critical SWAT Values

Scenario

F

eta squared

A
B

0.0
0.0038

0.0
0.0003

C

0.5638

0.0387

D
E

0.5570
0.3684

0.0383
0.0256

F

0.0

0.0

G
H

0.3333
0.0

0.0220
0.0

As indicated in Table 1, since the critical F value is

4.60

for a .05 level of significance, in each scenario we

are unable to reject the null, therefore there is no

significance between the individuals' SWAT scores and the
crews' SWAT scores.

The eta squared value also indicates

there is no effect for the SWAT scores for crews versus
individuals.

The time comparisons for the crews and the lone

subjects is reflected in Table 7 of the Appendix.

The raw

data indicates a wide variance in the amount of time

required to complete each scenario across scenarios.

Table

2 below indicates the critical time F values, comparing the

differences between crews' time to accomplish each scenario

and the individuals' time to accomplish the same scenario.

TABLE 2

Critical Time Values

Scenario

F

eta squared
0.8554
0.7005
0.9075
0.7471

F
G

82.8375
32.7458
137.3803
41.3620
17.6508
20.1448
12.3967

0.5577
0.5899
0.4696

H

15.9559

0.5326

A

B

C
D
E

As indicated, the critical F values for the time

differences are all greater than the 4.60 F value for 1 and
14 degrees of freedom at the 95% confidence level.

This

would cause us to reject the null and assume that there is a

significant difference between the times required to

accomplish a scenario for crews versus individuals.

Again

the eta squared value demonstrates a powerful significance
for the time differences between crews and individuals.

The analysis of variance between subjects for each
scenario was significant for time, but not for the SWAT

scores.

A multiple analysis of variance was conducted to

determine if there was a difference across the scenarios for

both time and SWAT score means for individuals versus crews.

The results are reflected in Tables 8 and 9 in the Appendix.
The results were not conclusive; that is, there was a
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significant difference between the scenarios for SWAT
scores and time.

However, the Statistical Package for the

Social Sciences program does not indicate which scenarios

are different.

Therefore, a Finite Intersection Test (FIT)

was run to determine where the specific differences between
scenarios were.

The Finite Intersection Test is a

simultaneous comparison technique that can be used after an
overall significant effect has been found among the levels

of an independent variable.

The FIT determines where the

differences lie among the levels of an independent variable
and which dependent variables account for these differences.

The FIT makes simultaneous comparisons by testing
conditional distributions of the dependent variables at a
significant level determined by the experimenter.

Both time

and SWAT scores were significantly different between each of
the scenarios across all of the scenarios.

This result

highlights the designed differences between the scenarios.
These differences emphasize the independence of each
scenario, and enhance the study's results.
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DISCUSSION

The results irtdicated that there was no difference

between the individuals' subjective accounts of the workload

versus the two person crews' accounts.

The actual time of

accomplishment of the tasks statistically favored the crews
over the individuals.

The results of Multiple Analysis of

Variance and the Finite Intersection Test indicated that

there was a significant difference between the scenarios for
both SWAT Scores and time across the study.

This may not be

as significant as it appears since the scenarios were not
designed to be similar in length of time to accomplish or
for SWAT scores.

In fact, the scenarios were designed to

test a predicted SWAT value for each scenario.

The

Psychological Stress, the Mental Effort, and Time Stress
factors were independently tested, and a significant

difference between the scenarios would be expected, and was
demonstrated.

This difference also helps validate that the

scenarios were designed properly in order to demonstrate the
difference between them.

Similarly, the time to accomplish

a scenario was not considered, and any significant

difference, or not, is purely coincidence.

The scenarios

were built to test a particular workload stressor. Therefore
the time difference betv/een the scenarios was the result Of

40

how long it took the subjects to run the procedure and test
that stressor.

The interpretatipn of these data provides an
interesting enigma, in that the individuals reported that
they were no more stressed than were the two pei^son crews.

However, the crews were able to perform the functions
substantially faster.

It would logically seem to follow

that two people could perform a job quicker than one. This
would also seem to beg the question of whether the time

required to accomplish a task is more important than the
subjective account of bhe event's workload level.
Research Concerns

Each of the scenarios was set up with a particular
stress level predicted based on the experience of the
researcher for each of the particular tasks.

In general,

the scenarios held to the premise of the researcher, and

reflected his experience in this field for almost 10 years.
This section contains a description of each of the

scenarios and the predicted SWAT levels for each one.

The

time required to accomplish each scenario was not possible

to predict.

Logically, however, the time required for one

person versus a two person crew would be greater.
In scenario A the predicted SWAT values were between
1,1,1 and 2,2,2 for the three task areas; Psychological
Stress, Mental Effort, and Time Stress.

The results

reflected the predicted SWAT values, and both the two-person
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crews and the individuals found the inspections easy to

accomplish on the subjective workload analysis scale.

The

two groups found the task equally easy to complete, in fact,
the groups all scored the scenario as a 1,1,1 on the SWAT
scale.

The amount of time required to accomplish this

particular task was significantly different, however.

The

crews accomplished the scenario much quicker than the

individual subjects.

This was due in part to the ability of

one of the crew to read the procedure and the other could

act on each step, while the individuals had to read and act
on each step alone.

Scenario B required the subjects to perform the

emergency power and air procedure.

The predicted SWAT

values were somewhere between 1,3,1 and 2,3,2 for

Psychological Stress, Mental Effort, and Time
Stress respectively.

The SWAT scores reflected the

predicted values for both the individuals and the two-person
crews.

There was no significant difference between the two

groups, however there was a significant time difference
between the amount of time required by the crews versus the
individuals.

Again, the task was not particularly more

difficult to accomplish for one crevanan, but the twoperson crew was able to move about and assure cooling air
was maintained much easier than one person.

The Missile Status-Out Checklist was the emphasis of

scenario C.

The predicted SWAT score reflected the time
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stress required of the subjects, and a score of somewhere
between 1,1,3 and 2,2,3 for Psychological Stress, Mental
Effort, and Time Stress was achieved.

Each individual and

crew responded accurately to the situation, and the

subjective workload for each group was not significantly
different. The time required to accomplish this task was

significantly different between the two groups, however it

was still Within the time standards necessary to assure
control established by the Air Force.

Scenario D was designed as an equipment fire situation
where the subject would be required to extinguish the fire,
but not have to exert himself, or be intimidated by a time
standard.

Therefore, the predicted SWAT score was 3 for

the Psychological Stress category, and one or two in the
other two areas.

The results indicated this very closely.

There was not a significant difference between the crews'
SWAT scores and the individuals' scores.

They each

determined that the Psychological Stress was the most
critical in this instance, and there was little difference

in the reported values for each group.

Once again, the time

required to accomplish the scenario for the crews was

significantly less than that required by the individuals.
In this case the scenario was not as labor intensive, but

the crews still performed the task more quickly.

Again, the

crews ability to have one crewmember read the procedure

while the other was isolating the fire gave ah advantage to
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the crew over the individuals.

For scenario E the expected SWAT scores were 1,3,3 on

the Psychological Stress, Mental Effort, and Time Stress

respectively.

The subjects generally agreed with the

expected SWAT scores with no significant difference between
crews' scores and individuals' scores at the .05 level of

significance.

There was however a significant difference

once again between the time required to accomplish the
scenario.

Although the time required to complete the task

is relatively short, there was still a significant

difference between the time scores.

There is no apparent

reason for the difference in time scores, as there is very

little that two people do in the procedure that cannot be

done nearly as easily by one person.

The added benefit of a

partner, and having another person reading the steps on the
checklist are some potential causes for the difference.
Scenario F was composed of the Emergency Code
Dissipation procedure.

The predicted SWAT scores were

verified by both the lone subject group, and the paired

subject group.

There was no significant difference between

the two groups' SWAT scores at the .05 level of

significance.

The difference in the amount of time required

to accomplish the task was significantly different at the
.05 level however.

Perhaps the lack of time stress allowed

the individuals to relax more, and take more time to

complete the procedure.

They seemed to be less driven than
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the crews to accomplish the procedure.

With a two person

crew, there is less personality involved in working through
a scenario, and consequently the crews work more rapidly
because they are more used to a particular pace.
Scenario G was based around a security situation

involving the launch control center.

A predicted SWAT score

of approximately 3 on the Psychological Stress category, 1
on the Mental Effort category, and 3 on the Time Stress

category was validated by both the crews and individuals.
There was no significant difference between them at the .05
level, highlighting again the lack of a perceived difference
in stress on the two subject groups.

However, the amount of

time required to complete the scenario by the individuals
was significantly longer than that required by the crews.

Again the difference was probably due to the ease of one

person reading the required actions to be accomplished while
the other person accomplished the actions.
The final scenario was the Emergency Launch Control

Center Shutdown procedure.

This procedure was predicted

to be the most stressful for each category on the SWAT

scale.

The results confirmed the predicted score of 3,3,3

for both the crews and the individuals.

All subjects rated

this scenario as the maximum stress for an obvious no

significant difference between the two subject groups.
is one scenario that emphasizes a need for redesign or

procedural change to lessen the perceived stress on the
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This

subjects.

The time difference between the two groups was

significant at the .05 level, but there was very little
difference in the actual amount of time required by the

individual versus the pair.

All subjects took less than 90

seconds to accomplish the procedure, but as the SWAT scores
indicated, they were all under a great deal of stress.
Future Studies

Further studies should be undertaken to verify the

results of this study.

Perhaps research utilizing another

workload measurement technique could be attempted.

Since

this study provided a baseline of subjective data, a

comparison could be made with physiological data recovered
from crews versus individuals.

For example, assuming a

single Operator, we could now use biological/intrusive
measurement techniques to verify the workload and
associated stress on the subject.

Eye blinks and galvanic

skin response levels would be intrusive, and subsequently
would probably raise stress levels, but the responses could

be balanced across subjects to provide a validation of the
subjective data base.

Similarly urine and blood tests

could be utilized to determine stress induced changes in
hormone levels in crews versus individuals.

However, their

application to the scenarios/working environment would not
be as appropriate, and would serve only as an additional
data point.

The use of ancillary work tasks during normal
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operations to measure performanGe and subsequently workload
would be another method of gathering data that could

support, or refute, the results of this study.

The addition

of unrelated tasks to a scenario is useful for determining

the subjects' ability to handle increased workload.

In all

likelihood, a two person crew would be better able to handle
the ancillary tasks, with one crewmember

dedicating his

time to the new task while the other crewmember handled the

primary task.

A study that equally stressed the crew and

the individual would provide a better basis for comparison.

However this would probably simply support the assumption

that a two-person crew can handle the workload more quickly.
A secondary result of this study was a comparison of
the amount of time required to accomplish a task or
scenario.

Since there was a significant difference in the

amount of time required to complete a task between crews and

individuals, a study that more closely measures the
differences should be undertaken.

Perhaps a time and

motion study could be devised to measure the actual amounts

of time and physical motion required to accomplish an
action.

There were time and motion studies conducted for

the original system, but there were so many subsequent

modifications the results of the original study are invalid.
The results of a new study would not necessarily provide
workload information, but they could be used to help
determine if there is a need for two crewmembers with time
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and motion as its basis.

The time and motion study results

could be traded off against the workload analysis results to
provide the basis for determining the need for a second
crewmember.

The results of this study showed significant

differences in the amount of time required by individuals
versus crews, yet a properly designed and conducted time

and motion study may provide different results.

These

factors would obviously have to be weighted, and then
compared.
Practical Issues

Within the Air Force there are timed standards for

accomplishing tasks.

These are established so that

missileers understand the gravity of certain actions; both
for personal and equipment safety, and nuclear critical

safety issues.

For example, the Air Force must have

absolute assurity that nuclear safety will be maintained at

all times.

Any action such as the inhibit/anti-jam

procedure that requires the crew members to maintain control
of monitoring functions, ensures that hostile forces do not

obtain control of nuclear missiles.

Not only must the

crewmember accomplish the task quickly, but the task must be
done accurately.

These times are established by the

Department of Defense Nuclear Surety Working Group as

benchmarks that ensure hostile forces do not penetrate any
aspect of the control system before a response can be made

to prevent the access.

Additionally, these time standards
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are used to train and evaluate missile crewmembers.

The

operators understand andS are trained to the time standard,

they become proficient, and are subsequently evaluated to
the standards.

If indeed ah individual can maintain

absolute contrdl within the necessary time constraints, then

there are grounds for changing the current concept of
operations for the missile systems.

One such change could be that manpower allocations
could be decreased to reflect the lighter load on the

operator.

A change in the two person concept of operations

to allow only one person to operate the system would halve
the manning currently required.

As the system now stands no

one person is allowed to control operations.

Each action,

particularly those related to nuclear war, require two
people to verify each action of the other person.

If,

however, the system could be designed to allow one person to
handle the day-to-day activities, and bring in another

person for those wartime critical situations, then manpower,
and scheduling limitations could be eased.
Another benefit of this type of study could be that

workload could be eased allowing longer shifts•

Lengthening

shifts could be aiiowed since the tasks are easier to

monitor, and respond to.

Twelve hour shifts are not

uncommoni but they are usually reserved for simple
monitoring tasks such as alarm panel monila > i Lng.

Such tasks

that are not laborer workload intensive, nor require
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absolute aGcuraGy.

This may not be the oase for missile

operations, as there are times of potential task overload,
and absolute aoGuraoy is required.

It may ease some

SGheduling problems assoGiated with a Grew, and allow

flexibility in soheduling on response to a speoifiG need.
For example, if there was an antiGipated inGrease in
workload that a single operator oould not handle, an
additional person oould be dispatohed to help handle the

situation.

The objeotive would be to reduoe the workload to

suGh an extent that these high intensity episodes would be
very rare.

The goal or ideal of reduGing required manpower by up
to half may not be realistio in a nuolear Gontrol
environment, but it oould be applied to any system that is
manpower intensive and uses computer systems to monitor and
Gontrol activities.

On the other hand, a benefit that could

be easily realized is an increase in work accomplished by
streamlining operations, and lessening mistakes.

By

reducing workload, and the stress that accompanies it,
workers would be more efficient, allowing for a higher

output, or more accurate operation.

For example, in a two

person crew setting the output of the crew could potentially

double.

Again the manpower could be reduced by allowing the

crew to process twice as much information.

Every second

launch control center could be deactivated since the missile

crews can process twice as much information, and react more
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accurately than they could previously.

The cost sayings

from streamlining the system is obvious, and would be
appropriate to implement.

It is apparent that there are several advantages to

identifying and reducing perceived workload.

The savings in

manpower, scheduling, and accuracy of operation alone make "
reducing workload stress profitable to undertake.

Additionally, the advantage of reducing the stress on the
individuals, and the resulting psychological and physical
sense of well being for them may be worth much more than can
be measured by a workload analysis or a profit margin.

It

is to this end that further workload research must

continue.

The physical and mental increase in performance

will be enhanced by improved work stations, and a prime
method of improving those work stations is through a
subjective workload analysis.

Continued refinement of work

stations through operator feedback will result in a console
that is compatible with the concept of operations, and

optimized for operator interface.
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TABLES

Table 3

Rescaled SWAT Values from Subject's Initial Card Sort
Standard

Stimulus Levels

1

1

3

1

1

2

1

1

1

E

T

1

3

2

16

3

2

2

15

2

14

2

13

1

2

12

1

2

11

2

10

1

9

1

8

3

1

7

2

1

6

2

1

5

1

4

3

-2.168
-2.106

-2.333

2

-1.325

3

-1.025

1

-1.252

2
1

1

3

3

-0.245
-1.108

-1.335

2

-0.327

3

-0.492

2

-0.226

1

0.515
0.815

1

1

1.596

3

3

0.589

2

3

3

26

3

3

25

2

3

24

3

23

3

22

3

21

3

20

1

1
2
2

3

Rescaled

S

3

2

17

2

-2.949

1
3

2

18

2

-3.175

2
1

2

3

19

3

27

0.737
0.510

2

1.518

3

1.579

1

1.353

2

2.360

3

2.660

1

2.434

2

3.441

3

3.4

0.0
15.2
16.2
12.7
28.0
32.5
29.1
44.3
31.2
27.8
43.0
44.0
40.6
55.8
60.3

56.9
72.1
59.1
55.7

70.9
71.9
68.4
83.7
88.2
84.8
100.0
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Table 4

SWAT Scores for Individuals

S

1

2

3

4

5

6

7

8

A

3.4

3.4

3.4

3.4

3.4

3.4

3.4

3.4

B

32.5

56.9

56.9

56.9

29.1

32.5

56.9

32.5

C

15.2

15.2

55.8

55.8

43.0

15.8

55.8

28.0

D

59.1

59.1

59.1

68.4

71.9

68.4

68.4

59.1

E

44.3

72.1

72.1

72.1

72.1

72.1

72.1

72.1

F

84.8

88.2

84.8

88.2

84.8

84.8

88.2

84.8

G

70.9

70.9

70.9

70.9

70.9

83.7

70.9

70.9

c

e
n

a
r

i
o

H 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Subjects
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Table 5

SWAT Scores for Two Person Crews

1

2

3

4

5

6

7

8

A

3.4

3.4

3.4

3.4

3.4

3.4

3.4

3.4

B

29.1

56.9

32.5

56.9

29.1

56.9

32.5

56.9

C

15.2

15.2

43.0

55.8

15.2

43.0

27.8

15.2

D

59.1

59.1

68.4

68.4

59.1

55.7

59.1

68.4

E

72.1

72.1

72.1

72.1

44.3

72.1

44.3

72.1

F

84.8

88.2

88.2

84.8

84.8

84.8

88.2

84.8

G

70.9

70.9

70.9

70.9

70.9

70.9

70.9

70.9

S

c
e

n
a

r
1

o

H 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Crews
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Table 6

Comparison of Mean SWAT Scores
Scenario
A
B
C
D
E
F
G
H

Individuals
3.4
44.275
35.500
64.187
^ 68.625
86.075
74.100
100.000
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Pairs
3.4
43.850
28.800
62.182
65.150
86.075
70.900
100.000

Table 7

Comparison of Mean Time Amounts (Seconds)
Scenario
A
B
C
D
E
F
G
H

Individuals
651.125
391.375
115.500
245.750
542.000
706.375
337.875
70.750

56

Pairs
479.250
334.750
68.125
174.750
462.500
570.500
279.125
51.875

Table 8

SWAT MANOVA F Values (df 7,56)
Individuals
Pairs

84.25
93.39

Critical (.05 level)

57

3.31

Table 9

Time MANOVA F Values (df 7,56)
Individuals
Pairs

512.725
165.162

Critical (.05 level)

58

3.31
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